Guillain-Barre syndrome in adults. However, there is evidence for the involvement of other body organs along with neurological disorders. Recent studies indicate that ZIKV like other arboviruses can cause cardiovascular complications, severe liver injury, and coagulation disorders. These possible threats must not be overlooked, and clinicians should be aware of compatible symptoms in patients, so they can manage them properly. The purpose of this review study is to characterize hepato-cardiac complications of Zika virus.
I. INTRODUCTION
Zika virus was first identified in the blood of a sentinel rhesus monkey in the Zika Forest in Entebbe, Uganda in 1947 (Rather, Lone, Bajpai, Park, & Park, 2017) . Later, the virus was discovered in human among field workers, and then spread to other individuals in Asia and Africa but continued to remain insignificant for over six decades. Zika virus was first isolated in humans in 1952 (Rather et al., 2017) . It was overlooked before 1952 because only 20% of patients developed a self-limited acute febrile illness with mild symptoms including fever, sore throat, myalgias, conjunctivitis, and maculopapular rash, that resolved within 1-2 weeks. The remaining patients infected with the virus were asymptomatic (Rasmussen, Jamieson, Honein, Ph, & Petersen, 2016) .
Zika virus (ZIKV) is a small, enveloped, single positive stranded RNA arbovirus that belongs to the Flavivirus genus of the Flaviviridae family. ZIKV is approximately 11 kb positive-sense RNA virus. Virions of Zika virus are 40-60 nm in diameter, spherical in shape and are enclosed in a lipid envelope. The RNA strand of the virus contains 10794 nucleotides which encode 3419 amino acids and contains two flanking untranslated regions and a single long open reading frame which encodes a polyprotein (Chen & Hamer, 2016) . Other mosquito-borne important flaviviruses are yellow fever virus and dengue virus, etc. (Chan, Choi, Yip, Cheng, & Yuen, 2016) . ZIKV has two families: African and Asian. In 2007, an epidemic was generated by the Asian family of ZIKV on Yap Island, Micronesia; it then spread to French Polynesia and other regions of the South Pacific and led to epidemics in 2013 and 2014; following this ZIKV Published on July 8, 2019. H. Naji is with Purdue University, Northwest, Hammond, Indiana, USA. (e-mail: hnaji@pnw.edu) came to the Americas in 2015, causing an estimated 1.5 million cases in Brazil in 2015 (Shan et al., 2016) .
In recent years, severe neurotropic complications including microcephaly in newborns and Guillain-Barre syndrome in adults have been reported in ZIKV-infected individuals. Additionally, some unusual clinical symptoms and signs including transient hearing loss, retinal lesions, severe abdominal discomfort, vomiting, cardiovascular complications, liver injury, and coagulation disorders were also observed in patients with ZIKV infection. It suggests that apart from neurological complications, there is also hepato-cardiac complications associated with Zika virus (Wu et al., 2017) . This review paper categorizes hepatic and cardiac complications of zika virus infection.
II. TRANSMISSION
Zika virus is transmitted by Aedes spp. Mosquito. Rhesus monkey can be the source of human infections through the bite of Ae. aegypti and Aedes albopictus in infected monkeys and subsequently transmitted to human hosts. These mosquitoes are similar to those that transmit dengue and yellow fever (Nhan & Musso, 2015) . The most substantial vector for ZIKV is Aedes mosquitoes; however, some Anopheles, Culex, Mansonia and Eretmapodites species have also been suggested as vectors (Cao-Lormeau et al., 2016) . ZIKV transmission is also believed to occur through sexual activities. It can also be transmitted from placenta and through placental transplant (Besnard, Lastère, Teissier, Cao-Lormeau, & Musso, 2014) . It can also be transmitted through blood transfusions (Venturi et al., 2016) . Another route of transmission of ZIKV is monkey bite. Such a case was reported in Indonesia. There is also suspicion of the spread of ZIKV through breastfeeding (Bradford, 2016) . The virus has been detected in semen, urine, and saliva (Kim & Shresta, 2016) .
III. EPIDEMIOLOGY
The world health organization established that the first case of ZIKV infection in human history was discovered in 1952 in Nigeria. It was thought that the virus is an issue only in Africa and some parts of Asia. However, in 2007, due to the pandemic befell Micronesia and Island in the State of Yap with over 5000 infections in a population of 6700, changed this idea. Another outbreak of the infectious virus was reported in 2013 and 2014 in French Polynesia. Other cases are also reported in 2014 in Pacific Islands like in Cook Islands, Samoa, and American Samoa (Rather et al., 2017) . The existence of the virus in America was reported in March, 2015, during the outbreak of an exanthematous
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Hassan Naji illness that occurred in Bahia, Brazil (Campos, Bandeira, & Sardi, 2015) . In December, 2015, the reported cases of ZIKV infection by Brazil Ministry of Health culminated to 1.3 million (Hennessey, Fischer, & Staples, 2016) . The virus was initially discovered from the amniotic fluid of two Brazilian women and later the fetuses were also positive for ZIKV infection. An extensive research commissioned by the Brazil Ministry of Health examined that how the mothers of infected fetuses with microcephaly might have been affected by living or visiting countries with ZIKV infection. The same results were obtained from the 35 participated infants during the study (Schuler-Faccini et al., 2016) .
IV. REVIEW

A. Methodology
Research methodology include publication researches, interviews, surveys and other historical information on the cardiac and hepatic involvement of Zika virus. All this data was part of our inclusive criteria. This research paper focuses on in-depth analysis of data provided through publications and aims at creating a meta-analysis of Zika complications specifically pertaining involvement in the heart and liver.
Each publication was evaluated based on hepatic and cardiac involvement of zika virus infection. The assessments on the publications were made on formerly stated eligibility criteria. Full texts of publications were extracted for further evaluation. The summaries of our findings are included in table 1. 
V. RESULTS
The literature search exposed a number of relevant studies on hepatic and cardiac complications of Zika virus infection. In this paper we reviewed four studies; three of the studies are case reports and the last one is an observational prospective multi-centered study by (K.A.G. et al., 2017) . A fatal case of an adult patient receiving immunosuppressive drugs following heart transplant was reported in Brazil (Schwartzmann et al., 2017) . A case of a zika virus infected 29 years old Chinese man, who upon returning from a business trip to Cambodia was bitten by a mosquito and was infected with zika virus (Wu et al., 2017) . The last case reviews information on 2 pregnant females who were infected with zika virus and developed cardiovascular complications (Villamil-Gómez, Ramirez-Vallejo, & Rodriguez-Morales, 2018) . The number of cases exposed to the virus added up to 13 including 8 females and 5 males.
A. Study 1
A 36-year-old man was admitted to Clinic Hospital of Ribeirão Preto, eight months following a heart transplant due to Chagas cardiomyopathy. The patient presented with a 2-day history of high-grade fever, headache, malaise, and seizures (Schwartzmann et al., 2017) . Before hospitalization, the patient was receiving standard immunosuppression after a heart transplant. He was hemodynamically stable and had no meningeal signs.
Magnetic resonance imaging (MRI) was done on the patient for the differential diagnosis. The magnetic resonance imaging (MRI) revealed a low apparent diffusion coefficient and low cerebral blood flow with cytotoxic cortical edema surrounded by vasogenic edema, hyperintense on T2-weighted imaging and fluid attenuated inversion recovery. Cerebrospinal fluid (CSF) examination revealed 2 cells/µl, a high protein level and a normal glucose level. The RT-PCR results from CSF were positive for ZIKV infection. The patient still had 3 to 4 daily episodes of fever (37.8°C-38.4°C) and had progressive worsening of neurologic symptoms, after 1 week of hospitalization. On the 10th day of hospitalization, atrial fibrillation occurred, and cardiac rejection was suspected. Subsequently, the patient had signs of low cardiac output with worsening peripheral blood perfusion and elevated plasma lactate levels. Despite inotropic therapy with dobutamine, the patient experienced refractory circulatory shock followed by cardiac arrest with pulseless electrical activity and died. The cause of death was cardiogenic shock due to acute cardiac allograft rejection.
Autopsy studies revealed that the heart was enlarged (630g) with a moderate amount of inflammatory infiltrate of mononuclear predominance, rich in plasma cells permeating through the muscle fibers mainly around the vessels with aggression to the vascular endothelium, compatible with acute cardiac cellular rejection.
B. Study 2
A 29-year-old healthy Chinese man after returning from a 7-day business trip to Cambodia, claimed to have been bitten by a mosquito in Cambodia. The patient experienced high fever (40.4˚C), chills, sore throat, fatigue and myalgia (Wu et al., 2017) . His serial blood samples were obtained for routine clinical laboratory tests, and identification of specific pathogens. The tests confirmed that the patient had ZIKV infection. Concomitantly, he was showed clinical signs of severe liver injury and coagulation disorders. Results showed that his total white blood cell counts were transiently decreased on D6 and D7. WBC returned to normal range on D10. Several parameters reflecting tissue or organ damage were also recorded. During the entire period of hospitalization, the patient had significantly elevated levels of aspartate aminotransferase (AST) (122.4-511.7 U/L), alanine aminotransferase (ALT) (225.8-329.6 U/L), lactic dehydrogenase (LDH) (909-1433 U/L) and alphahydroxybutyric dehydrogenase (α-HDBH) (792-931 U/L), but reduced albumin (ALB) concentrations (31.9-39.3 g/L). On D6 to D9, increased creatine kinase (CK) level (792-937 U/L) was also observed. These results indicate serious tissue injury, especially liver damage.
Concomitantly, blood coagulation parameters showed marked alterations: the platelet count decreased suddenly to 22 ×109 platelets/L on D7 and remained at low levels between 20 × 109/L and 63.4 × 109 platelets/L during D8 to D11. It returned to normal range on D13. These changes are indicative of abnormal blood coagulation and anticoagulation pathways in the patient, although he had no obvious clinical sign of bleeding. ZIKV was isolated by sequential passage in C6/36 cells and named ZIKV-CCMU01. The blood culture was also negative for bacteria and fungus. These results were consistent with an interpretation that most manifested symptoms in this individual were a direct consequence of ZIKV infection.
C. Study 3
In this prospective observational multicenter study, all 9 participants, mean age 47 ± 17 years, with no prior history of cardiac disease, were followed for an average of 6 months, beginning in July 2016 in Venezuela (K. A.G. et al., 2017) . All but 1 patient developed a dangerous heart rhythm and two-thirds had evidence of heart failure. Electrocardiogram studies of the patients revealed that 8 patients had an issue with the rate or rhythm of heartbeat. Investigations of a full cardiovascular work-up using an echocardiogram, a 24-hour Holter monitor, and cardiac magnetic resonance imaging revealed 3 cases of atrial fibrillation, 2 cases of non-sustained atrial tachycardia, and 2 cases of ventricular arrythmias. Out of 6 cases of heart failure, 5 patients had heart failure with preserved ejection fraction along with preeclampsia and moderate to severe pericardial effusion.
D. Study 4
This case study involves 2 pregnant women infected with ZIKV who presented with cardiovascular and electrocardiographical (ECG) alterations (Villamil-Gómez et al., 2018) . One of the women was 30 years, at gestational week 34.2 and the other was 25 years at gestational week 10.1. Both women presented with rash and pruritus and the RT-PCR was positive for ZIKV. Cardiac enzymes for both women were negative. The ECG for the first woman showed a sinusal tachycardia with a prolonged QTc (associated with Torsade de Pointes) (using Bazett formula) and at the echocardiogram, 200 cc of pericardial fluid was found. She had not presented with cardiovascular disease earlier.
The ECG of the other woman showed a left anterior hemiblock and at the echocardiogram, 300 cc of pericardial fluid was found. She also had not presented with cardiovascular disease earlier. After 2 weeks, ECGs and echocardiograms of both women were normal.
VI. DISCUSSION
Zika virus infections occasionally causes neurotropic disorders (e.g. meningoencephalitis, acute myelitis, and Guillain-Barre syndrome) and congenital birth defects such as neonatal microcephaly and congenital zika syndrome (Rogéria et al., 2016) . Patients with ZIKV reported with a clinical picture resembling other flaviviruses like dengue fever, West Nile virus, yellow fever virus, Japanese encephalitis virus, and tick-borne encephalitis virus. Therefore, it can easily be misdiagnosed. (Tappe et al., 2014) . It is transmitted by Aedes sp. mosquitoes. The acute hemorrhagic fever can be the first presentation of Zika virus infection. The most common manifestations of Zika virus include fever, headache, myalgia, conjunctivitis, pruritis, and fatigue, which are similar to that of dengue fever. In this review, it is suggested that apart from these signs and symptoms, ZIKV can also present with some unusual symptoms like hearing loss, severe abdominal pain, cardiac and hepatic complications. With such vast symptoms and complications of ZIKV, there is a dire need to further determine the harms that can be caused by ZIKV.
The 13 cases in our study are suggestive of the fact that apart from the classical picture of ZIKV infection, there is hepato-cardiac involvement also. This fact is helpful in cases in which the person is asymptomatic and has travelled to areas prone to Zika virus. These include Aruba, Barbados, Bolivia, Brazil, Colombia, Costa Rica, Cuba, Ecuador, Mexico, Guatemala, Haiti, Panama, Trinidad and Tobago, and American Samoa among others (Hsieh, 2017) .
The first case shows that ZIKV infection in immunocompromised patients can lead to severe organ dysfunction such as in the heart. However, the relationship between ZIKV with death and organ dysfunction in immunocompromised patients is not yet clear.
Previously, it was thought that ZIKV is majorly associated with neurological and congenital disorders including microcephaly and congenital zika syndrome, in neonates whose mothers were exposed to zika virus during gestational period . During January 1, 2016 to April 25, 2017, U.S. territories reported 2549 completed pregnancies with local transmission of zika virus infection. The infection was confirmed with laboratory evidence; 5% of fetuses or infants resulting from these pregnancies had birth defects possibly associated with Zika virus infection. Among infants with live birth, 59% had Zika virus infection (Shapiro-Mendoza et al., 2017) . Interestingly, Villamil-Goméz et al reported 2 cases of pregnant women suggesting Zika virus can affect the heart during pregnancy as depicted by electrocardiographic changes and pericardial effusion by electrocardiogram, without clinical manifestations of cardiac involvement. This fact is specifically important since cardiovascular complications are the most important cause of mortality during pregnancy (Gongora & Wenger, 2015) .
Furthermore, Brasil, et al. formulated in their study that there is an association between congenital heart disease in infants born to Zika virus infected mothers (P. et al., 2016) . There is a need for the identification and follow-up of infants born to women with laboratory evidence of possible Zika virus infection during pregnancy (Shapiro-Mendoza et al., 2017) .
The observational prospective and multi-centered study done in Venezuela was the first to report a link between heart problems and Zika virus infection. This study suggests that a person who travels to or lives in a place with known Zika virus and develops fever, rash, or conjunctivitis, and within a few days feels other symptoms such as fatigue, shortness of breath, or other heart skipping beats, then the person should see a doctor as the virus can lead to rapidly progressive heart failure and arrythmias. The symptoms of the cardiac issues can be improved by guide-line directed treatment for atrial fibrillation or heart failure. There is a still a need for larger, systematic studies to understand the actual risk of Zika-related cardiac disorders (K. A.G. et al., 2017) .
Similarly, a case was reported in China in which the patient was previously healthy with no prior history of liver disease and blood disease. After being infected with Zika virus, he ha chronically elevated levels of ALT and AST as well as low ALB levels indicating liver injury. Specifically, his AST and ALT levels were 12.8 and 6.6 times higher than the upper limits of their respective normal values. This was the first report of ZIKV infection involving liver damage.
Moreover, significantly increased serum levels of LDH, CK, and α-HDBH were also observed. These enzymes are normally present in blood cells, heart muscles, and hepatocytes, and they are the markers of heart and liver injury. Coagulation disorder was also observed in this patient, manifested by low platelet count, decreased fibrinogen and elevated FDP levels. Fibrinogen is a blood clotting protein and is converted into fibrin from thrombin during clot formation. FDP are produced due to the breakdown of plasmin. Increased levels of fibrinogen indicate hemorrhagic complications. Thus, Zika virus can lead to coagulopathy which can cause bleeding (Wu et al., 2017) .
Since the beginning of Zika virus epidemic in America, several cases with thrombocytopenic complications in Zika virus infection were reported (Chammard et al., 2017) . In the most severe cases the platelet count was as low as 1×10 9 or 2×10 9 platelets/L. however, some patients had prior history of obesity, hypertension, hyperlipidemia, acute immune mediated thrombocytopenia, or 7-month-pregnancy (Chraïbi et al., 2016) . In contrast, this patient was previously healthy.
Zika virus disease can present with similar clinical symptoms of other flaviviruses. Moreover, elevated transaminases and thrombocytopenia are suggestive of liver damage and there is a need for differential diagnosis of Zika virus from other flaviviruses (Ioos et al., 2014) . 
VII. CONCLUSION
In this review, an effort is made to disclose the link between ZIKV infection and hepato-cardiac complications. Therefore, clinicians should not only be aware of neurological manifestations of zika virus, but also pay attention to the dysfunction of other organs such as heart and liver. Further study is needed to demonstrate long-term effects of Zika virus infection on the functioning of major organs of the body.
